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We show that stringent limits on leptoquarks that couple to first-generation quarks and left-
handed electrons or muons can be derived from the spectral shape of the charged-current Drell-Yan
process (pp → `±ν) at Run 2 of the lhc. We identify and examine all six leptoquark species
that can generate such a monolepton signal, including both scalar and vector leptoquarks, and
find cases where the leptoquark exchange interferes constructively, destructively or not at all with
the Standard Model signal. When combined with the corresponding leptoquark-mediated neutral-
current (pp → `+`−) process, we find the most stringent limits obtained to date, outperforming
bounds from pair production and atomic parity violation. We show that, with 3000 fb−1 of data,
combined measurements of the transverse mass in pp→ `±ν events and invariant mass in pp→ `+`−
events can probe masses between 8 TeV and 18 TeV, depending on the species of leptoquark,
for electroweak-sized couplings. In light of such robust sensitivities, we strongly encourage the
lhc experiments to interpret Drell-Yan (dilepton and monolepton) events in terms of leptoquarks,
alongside usual scenarios like Z′ bosons and contact interactions.
I. INTRODUCTION
Leptoquarks – bosonic color triplets with baryon and
lepton numbers – appear in theories of grand unification
[1, 2], supersymmetry with r-parity violation [3], dark
matter [4], and explanations of anomalies in low-energy
flavor experiments [5, 6]. The lhc collaborations hunt
them in pair production processes [7–9], with current lim-
its having surpassed those placed by the Tevatron and
hera [10–13]. Leptoquarks coupling to first-generation
quarks and electrons or muons are sought in single pro-
duction processes, pp→ `+`−j [14]. Furthermore, lepto-
quarks coupling to electrons are strongly constrained by
tests of atomic parity violation (apv) [15].
More recently (see also [16–19] for earlier investiga-
tions), it has been argued that leptoquarks can be more
effectively sought in dilepton Drell-Yan processes [20]. In
this paper, we significantly extend that result by show-
ing that monolepton Drell-Yan production at the lhc,
pp→ `±ν, is actually one of the strongest probes of lep-
toquarks that couple to left-handed leptons and first gen-
eration quarks. Such leptoquarks mediate both monolep-
ton and dilepton production in the t- or u-channel. De-
pending on the leptoquark species, the leptoquark contri-
bution may interfere constructively, destructively or not
at all with the sm Drell-Yan process. Each of these cases
yields a distinct transverse mass spectrum, whose shape
can be used both to rule out the presence of the lepto-
quark or to differentiate among the species of leptoquarks
should evidence for one be found. We will show that with
the data gathered so far at Run 2 of the lhc, monolepton
and dilepton production together place the strongest lim-
its on leptoquarks with O(1) couplings and masses & 1
TeV, with monoleptons playing a dominant or significant
role in these limits in almost every case considered.
While the precision obtainable in Drell-Yan (dilepton
and monolepton) measurements is exploited in this work
to constrain leptoquarks, it has also been used to con-
strain the running of electroweak couplings [21–23], dark
matter [24–26], electroweak precision observables [27],
and new Z ′ bosons [28, 29]. Since several new physics
models predict deviations from the sm Drell-Yan predic-
tion one may need to use other lhc observables or com-
plementary measurements like apv to distinguish among
those models.
The remainder of this paper is laid out as follows.
In Sec. II, we identify leptoquark species that produce
monolepton signals, and spell out coupling structures
suited for our study. In Sec. III, we describe the unique
features of monolepton and dilepton spectra introduced
by leptoquark mediation and derive bounds on lepto-
quarks obtained by comparing to current data. In
Sec. IV, we extend our analysis to the High Luminosity
lhc, and conclude.
II. SET-UP
While there are several possible species of leptoquarks
distinguished by their spin (0 or 1) and gauge charges
[5], the species relevant for mediating monolepton pro-
duction, ud¯ → `+ν`, are those that couple to neutri-
nos (and thus left-handed leptons) and both up- and
down-type quarks. Reference [5] catalogs and labels
all possible leptoquarks based on their quantum num-
bers, and from that list one sees immediately that the
above requirement reduces our options to the scalars
S1(3¯,1, 1/3), S3(3¯,3, 1/3) and R2(3,2, 7/6), and vec-
tors1 U1(3,1, 2/3), U3(3,3, 2/3) and V2(3¯,2, 5/6), where
the parentheses contain SU(3)c⊗SU(2)W ⊗U(1)Y quan-
tum numbers.
1 In order to realize a fully realistic and unitary model with vec-
tor leptoquarks, one must embed them into an appropriate uv
completion; however, for the purposes of this study, in which the
vectors only mediate processes involving light external fermions,
such a complete model is not necessary.
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FIG. 1. Feynman diagrams for monolepton production. For S1, S3 and V2, the relevant diagrams are those with d
C
and
uC ; for U1, U3 and R2, the relevant diagrams are those with u and d. Analogous amplitudes exist for dilepton production,
qq → `+`−, with Z and γ in the s-channel of the sm diagram. These channels may interfere constructively, destructively, or
not at all, as explained in the text.
Coincidentally, these six leptoquarks span the entire
space of leptoquark spins and types of interference in
monolepton production. More specifically, the three
scalar and three vector leptoquarks exhibit destructive
interference with the sm amplitudes (S1, U1), construc-
tive interference (S3, U3), and no interference (R2, V2).
Each interference type leads to a distinctive transverse
mass spectrum that can be used to place bounds on the
leptoquarks and to aid in their differentiation should one
be discovered.
Any leptoquark that can produce a monolepton signa-
ture must also be capable of producing a dilepton sig-
nature, due to its coupling with the left-handed lepton
doublet. We will mention what one can learn about lep-
toquarks from the dilepton spectrum, though this has
been previously studied [20] and is not the main purpose
of this work. Importantly, unlike the monolepton sig-
nal, dileptons can also arise from leptoquark couplings
to right-handed quarks or leptons. For this study, we
will turn off all couplings that do not generate monolep-
tons. Turning these couplings back on has no effect on the
monolepton signal, but may yield stronger experimental
bounds in dilepton channels.
For this work, we pick one leptoquark of either spin,
the weak singlets S1 and U1, as the prototypes to be
discussed in detail. However, results for both monolepton
and dilepton signals in all six cases will be shown, as each
demonstrates some new features that distinguish it from
the others.
To establish the form of the leptoquark interactions,
let us first denote conjugate fermion fields as ΨC ≡ CΨt,
where C is the charge conjugation matrix. The lepto-
quark S1 generically couples to the diquarks Q
C
LQL and
uCRdR at the renormalizable level, violating baryon num-
ber B and leading to dangerously rapid proton decay.
We eliminate these couplings by manually imposing B
conservation. The interaction Lagrangian for this lepto-
quark is then given by
L ⊃ λijqlQ
Ca
i 
abS1L
b
j + λ
ij
ueu
C
i S1ej + h.c. ,
where the indices i, j run over fermion generations and
a, b are SU(2) indices. (The above interactions can be
found written in terms of 2-component fields and with-
out the conjugate notation in Appendix A.) In the elec-
troweak broken phase we may expand the above as
L ⊃ −(VCKM yql)ijdCi S1PLνj + yijqluCi S1PLej
+ yijueu
C
i S1PRej + h.c. , (1)
where the transformation λij → yij accounts for rota-
tions of the fields into their mass basis, and VCKM is
the ckm matrix2. The coupling yql leads to a monolep-
ton signal in ud¯ → `+ν and a dilepton signal (both
∝ y2ql). The yue coupling contributes to the dilepton
signal uu¯ → `+`− alone, therefore we set it to zero to
focus better on the monolepton signature.
We next choose a flavor structure that couples the
leptoquark to only the valence quarks in the proton,
and to the electron: yijql = y
11
qlδi1δj1. Following the
terminology of [20], we will refer to this scenario as
the “electroquark”. This coupling structure trivially
evades flavor constraints [19] and allows us to focus on the
phenomenology of leptoquarks vis-a-vis lhc monolepton
measurements. We could also have chosen to couple to
the muon, either in addition to the electron or separately.
The calculations in our analysis would be essentially un-
changed, and the bounds obtainable from mono-muon
measurements would be similar to those from mono-
electron measurements.
The interactions of the U1 leptoquark are given by
L ⊃ λijqlQiγµU1,µLj + λijdediγµU1,µej + h.c. ,
expanded as
L ⊃ yijqluiγµU1,µPLνj + (VCKM yql)ijdiγµU1,µPLej
+ yijdediγ
µU1,µPRej + h.c. . (2)
We set yde = 0 in order to eliminate extraneous dilepton
signals, and choose a flavor structure similar to the S1
2 We take the neutrinos to be massless, and for that reason do not
specify the lepton mixing matrix.
2
Leptoquark Operator
S1, S3 y
2
ql(u
CPLe)(d
C
PLν)
U1, U3 y
2
ql(uγ
µPLν)(dγµPLe)
R2 yulyqe(uPLν)(dPRe)
V2 yqeyul(u
CγµPRe)(d
C
γµPLν)
TABLE I. Operators responsible for the monolepton signal,
up to minus signs and factors of ckm elements. The oper-
ators for the singlets S1 and U1 and the triplets S3 and U3
involve only left-handed fermions, causing interference with
W -mediated monolepton production. Those for R2 and V2
involve right-handed fermions, causing no such interference.
In our analysis of the latter two species, we set yul = yqe.
interactions: yijql = y
11
qlδi1δj1. The couplings of both S1
and U1 (and the rest of the leptoquarks) are assumed
real; see Ref. [30] for the phenomenology of leptoquark
models with cp-violation.
The monolepton signal is generated through the Feyn-
man diagrams displayed in Fig. 1; analogous diagrams
generate the neutral-current process qq¯ → `+`−. The
four-fermion operators generated by each species of lep-
toquark are shown in Table I. One sees, after Fierzing,
that the helicity structure of the leptoquark contributions
for S1 and U1 matches that of sm W -exchange and thus
the two will interfere.
In this case, as we explain in Appendix B, the inter-
ference in the monolepton channel is destructive, leading
to distinctive spectra. For both of these leptoquarks, the
dilepton signal also interferes destructively with the sm.
But unlike the monolepton signal, the sign and size of
the interference in the dilepton channel depends on our
turning off other couplings that generate purely dilepton
signatures.
The story with the four remaining leptoquarks
(S3, R2, U3, V2) is similar. In lieu of writing out their
interaction Lagrangians (for which we refer the reader
to [5]), we have simply collected their effective monolep-
ton four-fermion interactions in Table I. For both S3 and
U3, the helicity structure of the monolepton amplitude
again matches the sm; in this case, however, the inter-
ference is constructive, which will lead to particularly
strong bounds on these leptoquarks. Unlike the previ-
ous four species of leptoquark, the monolepton signal for
the R2 and V2 is generated by the combined action of
two different interactions, with couplings yul and yqe.
Furthermore, the helicity structure for the leptoquark-
mediated monolepton signal does not match the sm (the
charged lepton and one of the quarks are right-handed),
and hence the contribution of leptoquarks is neither en-
hanced nor suppressed by interference effects. For these
two species we will set the couplings yul = yqe through-
out our analysis for simplicity, and denote this common
coupling by “yql” to economize notation.
The dilepton signatures of S3, R2, U3, V2 are more com-
plex than in the S1 or U1 case because the coupling(s)
required to generate a monolepton signal generate mul-
tiple amplitudes contributing to dileptons, which un-
dergo some combination of constructive, destructive and
no interference with corresponding sm amplitudes. We
have completed the analysis of these dilepton signals and
show the corresponding limits in the following sections.
Note that our monolepton analysis remains unchanged by
the more complicated interference patterns in the dilep-
ton signal, another argument for the importance of a
monolepton analysis in searching for, and studying, lep-
toquarks.
III. SIGNALS & CONSTRAINTS
The monolepton signal generated by each species of
leptoquark, along with its accompanying dilepton signal,
is a function of only two parameters: the mass of the lep-
toquark, mlq, and the coupling constant, yql. As each
of the six relevant leptoquarks exhibits a different inter-
ference pattern (destructive, constructive or none) and a
different spin, all must be considered separately. In order
to demonstrate clearly the underlying physics, we begin
with a parton-level analysis, after which we present the
proton-level spectra and constraints from lhc measure-
ments.
In Fig. 2 we plot the parton-level cross-sections as a
function of the invariant mass,
√
sˆ, for both dileptons
(top panel) and monoleptons (middle and bottom pan-
els). In the first two panels, we restrict ourselves to the
spin-0 S1 and spin-1 U1 leptoquarks, but depict varia-
tions of the signal with changing leptoquark couplings
and masses. To that end, we have chosen three bench-
marks: (yql,mlq/TeV) = (0.7, 1), (1, 1), (1, 1.25). (We
choose these relatively light leptoquark masses for the
figures in this section in order to clearly demonstrate to
the eye the effects of the new physics, and especially the
effects of interference, on the mono- and dilepton signals.
As we will see, current data will push the bounds on the
leptoquarks significantly above the 1 TeV mass range.)
One notices in the cross sections unmistakeable dips in
both the monolepton and dilepton cross-sections, coming
from destructive interference between the sm and lepto-
quark amplitudes. Because of the interference, the dips
in the cross-section do not occur at mlq but at energies
that depend on both the mass and coupling, yql. As ex-
pected, the dip moves to larger
√
sˆ with either increasing
mlq or decreasing yql. It is also noteworthy that the
dip occurs at lower
√
sˆ for the vector U1 than for the
scalar S1. If we were to repeat Fig. 2 for a leptoquark
with positive interference, such as U3, the result would
not be the mirror image of U1. Instead, for this bench-
mark coupling, one would see a rapid and featureless rise
above the sm, as both the interference piece and the new
physics-squared piece of the cross-section have the same
sign.
At values of
√
sˆ larger than the location of the dip
3
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FIG. 2. Partonic cross-sections of monolepton and dilep-
ton production as a function of
√
sˆ. Destructive interfer-
ences between sm and leptoquark-mediated amplitudes mani-
fest as a significant dip in the mass spectra of these processes.
Constructive or no interferences lead to higher-than-sm cross-
sections at all
√
sˆ.
and for the value of coupling of 0.7, we notice an in-
crease in cross-sections for both S1 and U1, where the
contribution to the cross-section from the new physics
amplitude-squared dominates over the interference term.
This increase is much steeper for the spin-1 U1 than
for the spin-0 S1 because in the limit
√
sˆ  mlq, the
cross-section near cos θ∗ = 1 diverges, where cos θ∗ is the
(center-of-momentum frame) scattering angle. In prac-
tice, this divergence of the cross-section near cos θ∗ = 1
is mitigated by kinematic cuts applied for lepton recon-
struction. This phenomenon is kinematically analogous
to Rutherford scattering (which proceeds via photon ex-
change), where the cross-section becomes infinite in the
forward (cos θ∗ → 1) direction. The effect is present for
all vector leptoquarks and, as we will see later, plays a
role in the sensitivity of Drell-Yan processes to vector
leptoquarks.
The bottom panel of Fig. 2 shows the parton-level
monolepton cross section for each of the six leptoquarks,
taking (yql,mlq/TeV) = (0.7, 1). Here one can easily see
the effects of interference (or lack thereof) on the shape
of the spectrum, especially again in the monolepton
channel: destructive interference in S1 and U1, construc-
tive in S3 and U3, and none in R2 and V2. (The signs
of the interference terms are discussed in Appendix B.)
While it is impossible to tell from these parton-level
figures the relative strength of the bounds implied by
the different interference patterns, it should be obvious
that the shapes provide a crucial way for differentiating
among the different species of leptoquarks, should a
signal be observed.
Having explored how leptoquarks impact Drell-Yan
processes at parton level, we now proceed to determine
constraints on their couplings and masses from recent
lhc Drell-Yan data. To that end, we reinterpret differ-
ential mass distributions presented by the lhc collabora-
tions in terms of our leptoquark parameters. Specifically,
we use spectra of (i) the monolepton transverse mass
MT ≡ [2p`T /ET (1 − cos ∆φ)]1/2, where p`T is the trans-
verse momentum of the (visible) charged lepton, /ET is
the missing transverse energy and ∆φ is the azimuthal
opening angle between the two vectors; and (ii) the dilep-
ton3 invariant mass m`` (=
√
sˆ). We use measurements
by atlas at
√
s = 13 TeV with integrated luminosity 36
fb−1 [31, 32]. We expect similar constraints from cms
measurements [33, 34], though we do not use them here
since distributions are presented as events/GeV in un-
evenly spaced bins, which makes the recasting procedure
challenging.
Because four of our leptoquark species produce am-
plitudes that interfere with the corresponding sm pro-
cess, we must generate event distributions in MT (for
monoleptons) and m`` (for dileptons) for the signal and
the irreducible background together. To that end, we
employ the following procedure. Using the Universal
FeynRules Output files prepared by [35], the mass spec-
tra were first generated at next-to-leading order (nlo) in
qcd using MadGraph aMC@NLO 2.6x [36], with NN23NLO
3 In the dilepton channel there are additional experimental handles
for hunting leptoquarks. In [20], it was shown that the scattering
angle of the final state leptons was also a powerful probe, and had
the further benefit of helping to determine the spin of the lepto-
quark. Due to our focus on the qq¯′ → `±ν` channel, in which the
scattering angle cannot be measured due to the inability to fully
reconstruct events with missing energy, we will not consider the
angular signals in our analysis. We expect, from previous work,
that measurements of dσ/dm`` will give bounds on leptoquarks
similar to those one would obtain from the angular distributions.
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FIG. 3. Proton-level transverse mass (invariant mass) distributions of monolepton (dilepton) production for yql = 0.7 and
mlq = 1 TeV. The upper (lower) panels depict signals of the spin-0 (spin-1) leptoquarks.
parton density functions (PDFs) [37], setting the com-
mon renormalization and factorization scale to
√
sˆ. As
done in [26], our spectra are then rescaled by a global
factor that accounts for the lepton reconstruction effi-
ciency, so that our background spectra match the irre-
ducible background taken from atlas (and extraced via
hepdata [38]). The net signal and background events are
obtained by adding the reducible background extracted
from [31, 32] to our generated events. To quantify the
effect of our signals and estimate limits on leptoquark
parameters, we use the following χ2 test:
χ2 =
bins∑
i
(Nmodeli −Ndatai)2
Ndatai + δ
2
sys
, (3)
where Nmodeli is the number of events predicted either
by the sm or by new physics and sm together. The 95%
c.l. bound is located where the difference in χ2 for sig-
nal and background models is 5.99. Here the systematic
error δsys, taken to be a flat 6% as seen across multiple
bins in the atlas searches [31, 32], is assumed uncorre-
lated across bins, as the co-variance matrix has not been
provided.
In Fig. 3 we show (proton-level) Drell-Yan mass dis-
tributions for each of the six leptoquark scenarios with
(yql,mlq/TeV) = (0.7, 1), along with the sm distribu-
tion. Importantly, the prominent interference features
observed at the parton level in Fig. 2 are still evident in
the monolepton MT distribution and, to a lesser degree,
in the dilepton m`` distribution.
Turning to the data and carrying out the χ2 test of
Eq. (3), we interpret the observed limits on Nmodeli as
contours in the mlq–yql plane. The results are shown
in Fig. 4. For three of the leptoquark species (S1, S3,
U1), the monolepton MT spectrum places a stronger con-
straint on the leptoquark mass and coupling than the
dilepton m`` spectrum. For two others (U3 and V2), the
monolepton and dilepton constraints are nearly identical
in their reach, with the monolepton only slightly weaker.
Only in the case of the R2 leptoquark does the dilepton
channel constrain the parameter space significantly bet-
ter than the monolepton; this is not surprising given the
much greater deviations seen in the dilepton m`` spec-
trum as compared to the monolepton MT spectrum in
Fig. 3. Thus, in five of the six cases studied, the monolep-
ton channel either dominates or significantly contributes
to the constraints on the allowed parameter space for
that particular leptoquark (for the benchmark coupling
structure chosen).
In examining the relative strength of the monolep-
ton channel for each of the six leptoquark species, one
sees two clear trends. First, bounds on vector lepto-
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FIG. 4. The 95% c.l. limits at the 13 TeV lhc with 36 fb−1 of data, on the S1, S3, R2 (spin-0) and U1, U3, V2 (spin-
1) leptoquarks in our set-up, using reported measurements of the monolepton transverse mass and dilepton invariant mass
distributions [31, 32]. Regions above the corresponding curves are excluded. Also shown are the 95% c.l. limit from direct
pair-production searches [7, 39] (brown-shaded regions excluded) and the 2σ limit on electroquarks from measurements of
atomic parity violation (grey-shaded regions excluded).
quarks are stronger than those on the closest correspond-
ing scalar leptoquark, due to a relative factor of 2 that
arises in the calculations of their amplitudes as well as
the rapid increase in the vector leptoquark cross-sections
as cos θ∗ → 1 at large √sˆ. Second, bounds on lepto-
quarks that exhibit interference with the corresponding
sm amplitude are also stronger, as one would expect; this
is especially true for scalars. A similar pattern is not im-
mediately obvious in the dilepton channel, since interfer-
ence for dileptons is completely generic.
Fig. 4 also shows other relevant constraints. Limits
on the electroquarks from lhc pair production are
taken from [39], which recast a 2.6 fb−1 cms search [7];
these are the strongest limits to date from dedicated
searches for pair-produced first-generation leptoquarks,
and they appear as a vertical line since pair-production
is independent of yql for yql . 1. The limit on the S1
electroquark is mlq ≥ 930 GeV, too weak to be shown
on our plot. The 2σ limits from apv measurements by
Wood et al. [40] on electroquarks are obtained using
the formulae in [5]. We see that Drell-Yan monolepton
and dilepton constraints are always stronger than apv
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FIG. 5. The expected 95% c.l. limits at the High-
Luminosity (3000 fb−1) lhc at
√
s = 13 TeV, obtained by
combining the sensitivities of pp → e±ν transverse mass and
pp → e+e− invariant mass distributions. (The limits for S3
and V2 being nearly identical is a coincidence.)
in constraining the leptoquark parameter space for these
six leptoquarks, and are stronger than direct search/pair
production bounds for leptoquark masses above 1-2 TeV
and yql larger than O(0.1-0.3).
The above conclusions are a significant update on
[20], where bounds on leptoquarks were placed using
only dilepton (and not monolepton) measurements, from
Run 1 of the lhc. In that work it was found that
apv measurements outperformed dilepton measurements
for electroquarks; our dilepton constraints are now
stronger due to the higher energy and luminosity at the
lhc, which has resulted in a larger statistical sample.
We remind the reader that our dilepton limits were ob-
tained by switching off the leptoquark coupling to right-
handed fermions, i.e. the coupling that generates dilep-
ton but no monolepton signals. We find that if we set
this coupling equal to yql, for S1 the dilepton limits be-
come comparable to the monolepton limits, whereas for
U1 they remain much weaker than monolepton limits.
We also note that constraints from “single production”
processes (with signature `+`−j) may also apply, but
have not been examined here since we expect them to be
weaker than Drell-Yan limits, due to the energy cost of
producing an on-shell leptoquark, as well as larger back-
grounds and uncertainties [20].
Finally, one can check that our results reproduce the
limits derived from studies of compositeness/contact in-
teractions in the large mlq limit, which they do. How-
ever, for masses in the range being bounded here (mlq .
5 TeV) we find significant differences between our analy-
sis and a purely contact operator analysis that shift the
resulting bounds on leptoquarks by a TeV or more.
IV. PROSPECTS & CONCLUSIONS
In this paper we have shown that the spectrum of
monolepton (`±ν) production at the lhc provides strin-
gent limits on the couplings of leptoquarks that inter-
act with valence quarks in the proton, for a wide range
of leptoquark masses not reachable by direct production
searches. Specifically, we have analyzed the monolep-
ton signal for the six leptoquarks. three scalars (S1,
S3, R2) and three vectors (U1, U3, V2), that produce
monoleptons. These limits are competitive with, and of-
ten stronger than, the ones set by the dilepton (`+`−)
signals which accompany the monoleptons. As summa-
rized in Fig. 4, spectra of the monolepton transverse mass
and the corresponding dilepton invariant mass already
constrain leptoquark masses in the range of a few TeV,
for couplings of electroweak size. Combined, these two
search channels set the most stringent bounds on these
six leptoquarks to date.
Because these searches are primarily statistics-limited
rather than energy-limited, as the lhc collects more
data, the expected reach of the monolepton and dilepton
searches will significantly extend the limits on the lepto-
quark parameter space. In Fig. 5 we plot our expected
reach at the High Luminosity lhc with 3000 fb−1 of inte-
grated luminosity and
√
s = 13 TeV. We calculated this
reach by combining the monolepton and dilepton chan-
nels, including a conservative systematic error of 15% and
neglecting all sources of reducible background. We find
that, for a coupling strength of g (' 0.64), the expected
limit is between 8 TeV (for R2) and 18 TeV (for U3), al-
lowing the lhc to probe leptoquarks at masses well above
its center-of-mass energy. At these masses, the search for
leptoquarks and the study of compositeness/contact op-
erators should coincide quite closely.
Finally, in addition to being a discovery channel,
monolepton signals can also diagnose the nature of lep-
toquarks. The presence of such signals would imply a
leptoquark coupling to left-handed leptons, and both up
and down quarks; the presence of a signal in the dilepton
channel without an accompanying signal in the monolep-
tons would imply a leptoquark with other coupling struc-
tures. If observed, the shape of the monolepton distribu-
tion would provide strong evidence as to the identity of
the underlying leptoquark.
In light of the impressive sensitivity afforded by Drell-
Yan measurements, we strongly urge the lhc collabora-
tions to present leptoquark interpretations when analyz-
ing Drell-Yan events.
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Appendix A: Leptoquark interactions in
2-component notation
For clarity, we provide here in 2-component notation
the interactions of our prototypical leptoquarks S1 and
U1. In the gauge basis the interactions of S1 (Eq. 1) are
λijqlS1(uLi eLj − dLiνLj) + λijueS1u†cie†cj + h.c. (A1)
Similarly, for U1 (Eq. 2),
λijqlU1,µ(u
†
Liσ¯
µνLj + d
†
Liσ¯
µ eLj)− λjideU1,µe†ci σ¯µ dcj + h.c.
(A2)
Appendix B: Sign of the interference
As discussed frequently in the paper, the sign of inter-
ference (if there is one) between the leptoquark-mediated
and sm amplitudes could be either positive or negative.
Given a leptoquark species and its coupling structure,
this sign can be determined process by process, by iden-
tifying three possible sources of a relative negative sign
between the amplitudes. These sources are: β1, a sign
picked up when Fierzing the fermion bilinears in one of
the two amplitudes so that the two operators match; β2,
the sign of the product of the couplings in each ampli-
tude; this could include a minus sign between the fermion
currents within each operator, such as that arising from
an antisymmetric SU(2)W contraction (see Eq. (1)); β3,
the overall sign of the leptoquark propagator.
Let us apply the above to S1 and U1. The sign β1
turns out to be positive in our set-up. In β3, the propa-
gator denominator, t −m2lq or u −m2lq, is always nega-
tive, and the sign of the numerator is determined by the
leptoquark spin. The signs {β1, β2, β3} for each of the
Drell-Yan processes are then as follows. In monolepton
production, for sm-S1 interference, {+, −, +}, and for
sm-U1 interference, {+, +, −}. In dilepton production,
for sm-S1 interference, we have {+, −, +} and for sm-U1
interference, {+, +, −}. In all these cases we see that
the overall sign is negative, as borne out by Fig. 2.
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